This paper empirically investigates whether changes in macroeconomic volatility affect the efficient allocation of non-financial firms' liquid assets. We argue that higher uncertainty will hamper managers' ability to accurately predict firm-specific information and induce them to implement similar cash management policies. Contrarily, when the macroeconomic environment becomes more tranquil, each manager will have the latitude to behave more idiosyncratically as she can adjust liquid assets based on the specific requirements of the firm, bringing about a more efficient allocation of liquid assets. Our empirical analysis provides support for these predictions.
Introduction
Non-financial firms' heavy reliance on liquid assets has presented researchers with a number of interesting questions. Why do these firms hold cash far in excess of transactions needs?
1 How does firms' demand for liquidity differ across categories of firms with similar characteristics? How does firms' liquid asset management respond to variations in broad economic conditions, and uncertainty over the course of the economy? The sizable literature on firms'
liquid asset management addresses some of these questions, but has said very little about their interaction with the level and volatility of macroeconomic aggregates. This study seeks to address that deficiency.
Research focusing on the first two questions above has made extensive use of firm-specific characteristics such as leverage, growth opportunities, cash flow, and firm-level cash flow uncertainty. 2 They found that small, nonrated firms, firms with strong investment opportunities, and those facing more volatile cash flows hold more cash. One can interpret these findings to suggest that firms facing a high degree of asymmetric information are likely to hold more liquid assets because of potential difficulties in their access to external financing. In addition to firm-specific variables, macroeconomic aggregates could be an important determinant of firms' cash-holding behavior and one that has received relatively little attention in previous research. 1 We use cash and liquid assets synonymously, recognizing that some highly liquid assets are almost indistinguishable from cash in terms of their liquidity. In this paper, we aim to contribute to the literature on corporate liquidity by considering an additional factor which may have important effects on firms' demand for liquidity. We argue that volatility in macroeconomic conditions affects managers' determination of the appropriate level of liquid asset holdings and distorts efficient allocation of the firm's resources. 3 In particular, we claim that higher uncertainty will hamper the ability of the managers to accurately predict firm-specific information such as expected future cash flows, inducing managers to behave more homogeneously in terms of their cash management policies. Contrarily, when the macroeconomic environment becomes more tranquil, each manager will have the latitude to behave more idiosyncratically as she can adjust liquid assets based on the specific requirements of the firm to bring about a more efficient allocation of scarce resources. Furthermore, given that managers of firms with differing features (size, growth rate, access to financial markets) will have quite different responses to changes in macroeconomic volatility, we also expect to find variations between groups of firms with respect to the strength of the managerial response to changes in uncertainty. Overall, in this view, greater stability of the macroeconomic environment will favor a more efficient allocation of liquid assets across firms.
The above argument implies that managers' reactions to changes in macroeconomic uncertainty with respect to their demand for liquidity will generate predictable variations in the cross-sectional distribution of corporate cash holdings. To test these claims, we investigate whether changes in macroeconomic uncertainty explain the time variation in the cross-sectional dispersion of corporate cash holdings. We expect to find that the cross-sectional disper- 3 We use the terms macroeconomic volatility and uncertainty interchangeably in this firms' cash-to-asset ratios: an empirically testable hypothesis. In this section, we lay out the reduced form relationship that we will employ to link changes in macroeconomic uncertainty to time variation in the crosssectional distribution of firms' cash-to-total asset ratios. In doing so, our main concern in this paper is not to test a specific model but to document and verify the presence of an empirical relationship. To provide support for the linkages between macroeconomic uncertainty and the cross-sectional distribution of the cash-to-asset ratio, we consider the following reduced form relationship:
where Disp t (C it /T A it ) represents the cross-sectional dispersion of firms' cashto-asset ratios, measured by the standard deviation of the cross-sectional dispersion of firms' cash-to-asset ratio at time t. τ 2 t stands for the measure of macroeconomic uncertainty at time t. We claim that the heterogeneity exhibited by non-financial firms' behavior will be negatively related to macroeconomic uncertainty. Hence, we expect to find a negative sign on β 1 using U.S. non-financial firm level data if greater macroeconomic uncertainty were to be associated with a smaller dispersion of firms' cash-to-asset ratios.
Furthermore, this argument should hold for sets of firms with similar characteristics. Given extensive evidence from the finance and economics literature that managers of sets of firms with similar characteristics tend to behave 7 Appendix C presents a simple partial-equilibrium framework showing how the empirical model may be derived from the optimizing behavior of firms' managers.
similarly to one another, but differently from those with different characteristics, the impact of uncertainty on specific groups could be more pronounced than on others. For instance, managers of those firms with more severe asymmetric information problems might behave more conservatively during times of heightened uncertainty than those with less asymmetric problems, as firms with asymmetric information problems are shown to have limited access to external financing sources. In this context, we conjecture a strong negative response of the cross-sectional dispersion of cash holdings for high-growth firms and financially constrained firms to increases in macroeconomic uncertainty whereas the responses of low-growth firms and unconstrained firms would be less vigorous. Also, managers of capital intensive vs. labor intensive manufacturing firms might be expected to behave differently as macroeconomic uncertainty changes over time. We expect to see a stronger reaction when we inspect capital intensive firms' cash holding behavior with respect to that of labor intensive firms due to the greater importance of adjustment costs and irreversible investment in the former group. Hence, we analyze the effect of uncertainty for groups of firms defined by their growth rates, capital intensity in production or their being financially constrained.
Identifying macroeconomic uncertainty
In order to test our hypothesis of a negative relationship between the crosssectional variance of firms' cash-to-asset ratios and macroeconomic uncertainty, we must provide a proxy that captures the state of the macroeconomy.
To ensure that our empirical findings are not an artifact of a single choice of proxy, we construct four proxies for macroeconomic uncertainty from the conditional variances of real gross domestic product, the index of industrial production, the rate of consumer price inflation and returns on the S&P 500 stockmarket index. Each of these measures captures different elements of the uncertainty perceived by firms' managers relating to the macroeconomic environment. Qualitatively similar findings across each of these proxies lend strength to tests of our hypothesis.
The first proxy employed is the conditional variance of a monthly measure of real gross domestic product as a measure of overall macroeconomic activity.
Since GDP is only available at a quarterly frequency, the proxy is derived from quarterly real GDP (International Financial Statistics series 99BRZF ).
We generated the monthly GDP series via the proportional Denton procedure dentonmq using the index of industrial production (which is available at a monthly frequency) as an interpolating variable (see Baum, 2001 ).
The second proxy is derived from the monthly index of industrial production itself (International Financial Statistics series 66IZF ). This is a narrrower measure, focusing on industrial activity and omitting the servicesector activity which has become increasingly important to the US economy.
The third proxy, designed to pick up uncertainty related to nominal magnitudes, is derived from the monthly rate of consumer price inflation (International Financial Statistics series 64XZF ). The last proxy, focused on financial market uncertainty, is derived from the monthly returns on Standard and Poor's 500 share index (from CRSP Stockmarket Indices).
The conditional variances of each of these variables is estimated with a generalized ARCH (GARCH) model, where the mean equation is a first-order autoregression, allowing for ARMA errors. 8, 9 The specifics of the GARCH models are provided in Appendix B. Each GARCH model's estimated conditional variance series,ĥ t , is then employed in a revised version of equation (1),
whereĥ t denotes the measure of macroeconomic uncertainty captured by the conditional variances of real GDP, industrial production, CPI inflation and S&P 500 returns, respectively, evaluated at time t. The advantage of this approach is that we can relate the behavior of cash holdings directly to a measure of macroeconomic uncertainty. Standard Industrial Classification (SIC) code. We consider all firms outside of one-digit codes 6 (finance, insurance and real estate) and 9 (government enterprises), and two-digit code 49 (utilities). We utilize COMPUSTAT data items Cash (data1) and Total Assets (data6) to construct the Cash-to-Asset ratio. In order to evaluate the severity of firms' financial constraints, we compute the dividend payout ratio as
, where those data items are defined in the Appendix. It is important to note that unlike studies at the level of the individual firm, our analysis is carried out in a panel data context, where the unit of observation is taken to be the one-digit SIC category, observed annually. Thus, the dispersion in the cash-to-asset ratio is computed from the firms within each one-digit SIC category each year, generating a maximum of 196 industry-year observations.
We apply a number of sample selection criteria on our original sample of 173,592 firm-years. First, we marked non-positive values of cash and total assets as missing. Second, we considered that values of the cash-to-asset ratio beyond three standard deviations from the mean were implausible; this only affected 5,352 firm-years, placing an effective upper bound on the cashto-asset ratio of 0.72. Third, our model should be applied to firms who have not undergone substantial changes in their composition during the sample period (e.g., participation in a merger, acquisition or substantial divestment should be disqualifying). Since we do not directly observe these phenomena, we calculate the growth rate of each firm's real total assets, and trim the annual distribution of this growth rate by the 10th and 90th percentiles to remove firms exhibiting substantial changes in their scale. Fourth, we wish to exclude firms in clear financial distress or those facing substantial liquidity constraints. We consider two consecutive years of negative cash flows as an indicator of these conditions. Where these appear, we remove them as well as the prior and subsequent cash flows from the sample. These screens collectively reduced the sample to 127,929 firm-years.
11 Descriptive statistics for the annual means of cash-to-asset ratios are presented in Table 1 . From the means of the sample we see that firms hold over 10 percent of their total assets in cash.
Note that in our analysis of subsamples of firms, we focus on the applicability of the general model to a group of like firms rather than formally testing for differences between groups of firms, which would necessitate the imposition of constraints across those groups. Furthermore, our groupings are not mutually exhaustive, but designed to identify firms which are strongly classified as, e.g., capital intensive or high-growth firms. Thus, a strategy based on category indicators would not be appropriate, since many firms will not fall in the group defined by either extreme.
We place firms into high-growth and low-growth groups, defining firms as above the 75th percentile and below the 25th percentile of the annual distribution of the growth in real total assets, respectively. As one expects 11 Empirical results drawn from the full sample yielded qualitatively similar findings;
we prefer to use the screened data to reduce the potential impact of outliers upon the parameter estimates. We also carried out the analysis using a longer data set covering the period between 1950-2000. Obtained results were qualitatively similar to those we report in this paper and are available from the authors.
high-growth firms hold, on average, 3.6 percentage points more cash relative to total assets than do low-growth firms.
We analyze the distinction between firms that might be considered financially constrained and those that might be considered financially unconstrained. Following the literature, we used the dividend payout ratio as a measure of financial stringency, defining those firms which lay below the 25th percentile of the annual distribution-or those firms paying zero dividends-to be financially constrained. 12 We defined those firms above the 75th percentile of the annual distribution of the dividend payout ratio to be financially unconstrained. We find that the average cash-to-asset ratios of financially constrained and unconstrained firms differ by 1.3 percentage points, with the latter firms holding more cash.
We classify our manufacturing firms' (sic2x and sic3x) factor utilization as capital intensive or labor intensive. Using the NBER and U.S. Census Bureau's Center for Economic Studies (CES) database 13 we classify a four-digit SIC industry CAPITAL intensive if it has an average capital-to-labor ratio above the 75th percentile and LABOR intensive if its average capital-to-labor ratio is below the 25th percentile. The LABOR and CAPITAL categories of firms hold similar amounts of cash relative to total assets, whether measured by mean or median with little variation between each group.
12 It is possible to use alternative criteria to measure financial constraints as suggested earlier in the literature. Due to space constraints we specifically concentrate on the dividend payout ratio. The idea that financially constrained firms have significantly lower payout ratios follows from Fazzari et al. (1988) , among others.
The link between cash holdings and uncertainty
Tables 2-8 present our regression results obtained for equation (2) The four columns of each table present the results for the four proxies for macroeconomic uncertainty (labelled in the column headings) in models augmented with the level of CPI inflation and the three-month LIBOR rate (LIBOR3mo) to proxy for the private cost of funds. These level variables are included for robustness purposes to determine whether movements in the cross-sectional distribution of firms' cash-to-asset ratios might be driven by the levels of macroeconomic variables. For each estimated model, we report η, the estimated elasticities of the dispersion of the cash/asset ratio with respect to the macroeconomic uncertainty proxy and the elasticities' estimated standard errors, labelled "s.e.". Hansen's J statistic, a test of overidentifying restrictions in the IV-GMM setting, is also reported along with its p-value.
Although not reported for brevity, all models contain a constant term and dummies for six of the seven included one-digit SIC categories (sicIx ) to al-low for differential baseline effects of macroeconomic volatility across industry groups. 15 Table 2 presents the relationship between the cross-sectional distribution of non-financial firms' cash-to-asset ratio and three proxies for macroeconomic uncertainty for the full sample. In all cases the proxy coefficients are significantly negative at the 5% or 1% level providing support for our hypothesis that periods of heightened uncertainty lead to more homogeneous cash-holdings behavior by firms. The sign of the coefficient and its significance is robust to inclusion of additional regressors which one may consider to have an impact on managers' decision making process. To provide a better insight, we compute the elasticities with respect to the macroeconomic uncertainty measures for each model. We find that for each specification the elasticity has a significant magnitude: a 100% increase in uncertainty will lead to a significant decline in the dispersion of the cash-to-asset ratio, in a range between 9% and 22%. These results bear out that firms will behave much more homogeneously, in terms of their demand for liquid assets, in times of greater uncertainty.
Results for all firms

Results for subsamples of firms
Having established the negative impact of uncertainty on the cross-sectional dispersion of the cash-to-asset ratio for the full sample, we next investigate 15 Recall that we investigate the behavior of the cross-sectional dispersion of the cashto-asset ratio in an industry-year panel context. Thus, our methodology does not allow for firm-specific characteristics in the estimated equation.
if the strength of the association varies across groups of firms with differing characteristics such as growth rate, financial constraints, and factor intensity.
Low-growth firms (reported in Table 3 ) are likely to be more mature firms, perhaps those in declining industries. They do not exhibit any significant effects of macroeconomic uncertainty, although the point estimates are uniformly negative for the three proxies. In contrast, the impact of macroeconomic uncertainty on high-growth firms (as reported in Table 4 ) is uniformly significant and somewhat larger than those of the "all firms" sample in Table 2 . The effect of a doubling of uncertainty on the cross-sectional dispersion of the cash-to-asset ratio will be a reduction of approximately 16% for high-growth firms, versus about 14% for all firms. These findings suggest that high-growth firms-likely to be younger firms with substantial uncertainty about their near-term prospects, and facing a high degree of asymmetric information-are more sensitive to macroeconomic factors than the low-growth firms. Recall that the systematic risk associated with a firm's stock is related to growth opportunities, rendering the estimated hurdle rate for capital investment by potential investors inaccurate (see for example Myers and Turnbull (1977)). Hence, it is reasonable to find that fast-growing firms' access to external finance will be limited, requiring them to behave more cautiously, particularly in times of higher macroeconomic uncertainty which further deepens the informational asymmetries. In this context, our results are broadly in line with previous findings; for instance, Harford (1999) finds a positive relation between industry-level market-to-book (MB) ratios and firms' cash-to-asset ratios. He states that MB ratios are proxies for information asymmetry, with high values observed in firms which derive much of their market value from firm growth opportunities and intangibles (p. 1973).
In Tables 5 and 6 , we investigate the effects of uncertainty on financially Finally, we report how capital-intensive vs. labor-intensive manufacturing firms' cash-to-asset ratio dispersion responds to macroeconomic uncertainty in Tables 7 and 8, respectively. 19 Similar to the previous set of results,
we obtain significant and negative effects for both firm classifications. For each specification reported in Table 7 , the computed elasticities for capitalintensive firms are substantially larger than those of labor-intensive firms.
While a 100% increase in uncertainty leads to an average 26% reduction in the dispersion of the cash-to-asset ratio for capital-intensive firms, it only causes a 17% decline in dispersion for labor-intensive firms (slightly larger than the value for the "all firms" sample). This finding may indicate that capital-intensive firms may not be as flexible as labor-intensive firms due to costs of adjustment of their capital stock. Contrarily, it may be easier for 17 We are grateful to an anonymous reviewer for this suggestion.
18 These percentages differ from 25% due to screening applied to generate the estimation sample. 19 Recall that the data employed for this classification utilize manufacturing firms (sic2x and sic3x ) only, for a total of 56 industry-year observations and a single one-digit industry dummy.
labor-intensive firms to adjust their operating costs in response to a cash flow shock.
Summary findings
In summary, these results support our claims that changes in macroeconomic uncertainty lead to significant time variations in the cross-sectional distribution of non-financial firms' liquid asset holdings, measured by their cashto-asset ratios over and above the level effect of macroeconomic variables.
These results are robust to the use of four different measures of macroeconomic uncertainty signalling increased uncertainty hampers efficient use of resources. Our results also carry to subsamples: the effects of macroeconomic uncertainty on firms' liquidity are more pronounced for some categories of firms than others while the relationship is always negative. Firms experiencing rapid growth, firms that might be considered financially constrained and capital-intensive firms are also found to be quite sensitive to macroeconomic uncertainty. Firms that are paying sizable dividends exhibit a lower sensitivity to these macro effects, while capital-intensive firms' sensitivity is somewhat greater than that of labor-intensive firms. The overall message of our analysis is that macroeconomic uncertainty is an important determinant of corporate liquidity behavior, and the strength of that effect systematically differs with respect to firm-specific characteristics, distorting the efficient use of liquid assets.
Conclusions
In this paper we focus on the link between the dispersion of firms' liquid asset holdings and macroeconomic uncertainty using a panel of U.S. non-financial firms drawn from the COMPUSTAT database over the period 1970-2000.
We argue that uncertainty about economic conditions should have clear effects on firms' liquid asset management over and above the movements of macroeconomic aggregates and would distort the efficient allocation of firmspecific resources. To that end, we investigate whether the presence of greater macroeconomic uncertainty leads to a narrowing of the cross-sectional dispersion of firms' cash-to-asset ratios, and conversely whether economic tranquility would provide firms with the latitude to behave more idiosyncratically, leading to a widening of that dispersion.
To test this claim, we estimate a simple reduced-form equation using an annual data set summarizing individual firms' behavior at the industry level and four proxies for macroeconomic uncertainty derived from GARCH models fitted to monthly macroeconomic and financial data. On the basis of our empirical analysis, there is clear evidence that changes in macroeconomic uncertainty leads to time variation in the cross-sectional distribution of firms' cash-to-asset ratios. Furthermore, we find similar results when we investigate subsamples while the total effects of uncertainty are more pronounced for some categories of firms than others in accordance with our priors. Overall, we show that a doubling of uncertainty (depending on firm characteristics) would lead to an 8% to 40% reduction in the dispersion of non-financial firms' cash-to-asset ratios. These figures are most extraordinary. Last but not least, our results are robust to the inclusion of macroeconomic factors that capture the state of the economy.
Taking the current evidence along with the findings reported by Beaudry, Caglayan and Schiantarelli (2001) and Baum, Caglayan and Ozkan (2004) who document that an increase in macroeconomic uncertainty could lead to a significant reduction in the cross-sectional dispersion of the investment rate and banks' loan-to-asset ratios, respectively, it is clear that macroeconomic uncertainty leads to significant distortions in the efficient allocation of firms' resources between capital spending and short-term liquidity needs.
Our paper, along with many others, strongly implies that the overall impact of reducing macroeconomic uncertainty would be quite beneficial to the economy and that the second moments of macroeconomic aggregates should be of key concern to economic policymakers.
Appendix A
Construction of cash holdings and uncertainty measures
The following variables are used in the empirical study.
From Standard and Poor's COMPUSTAT database: OPG standard errors in parentheses Models are fit to detrended log(Real GDP), detrended log(IndProdn), CPI inflation and S&P 500 returns.
** significant at 5%; *** significant at 1%
Appendix C A simple cash buffer-stock model
Below we provide a one period model, which is a variant of the island model used by Lucas (1973) , highlighting the manager's cash holding decision as a signal extraction problem. Each period, firm i receives an uncertain amount of net cash flow between time t and t + 1, drawn from a uniform distribution with an upper bound H and a lower bound, L = −H. The manager of the firm would want to hold an optimal amount of cash buffer at a cost of r 1 percent for precautionary reasons. A negative cash flow shock that exceeds current cash holdings requires the firm to borrow from an external source to meet its obligations at a higher interest rate of r 2 percent. We assume that r 2 > r 1 , and possibly r 2 >> r 1 due to financial frictions. A firm holding a cash buffer of C i faces the following three possible outcomes.
i) With probability
, the net cash flow of the firm could be positive; the firm merely incurs the opportunity cost of holding C i
ii) The firm could face a negative cash shock (CF i ) of a magnitude up to C i with probability of P 2 =
, rendering the cost of replenishment as well as cost of holding the cash buffer:
iii) To remain solvent, a negative shock greater than C i , may force the firm to borrow from an external source at the gross interest rate (1 + r 2 ) with a probability of
Given all scenarios expressed in equations (C.1-C.3), the manager minimizes total expected cost, ECOST = COST 1 P 1 + COST 2 P 2 + COST 3 P 3 , and obtains the optimal cash buffer as:
Provided that r 2 > 2r 1 , the firm will have positive cash holdings. However, if the bounds of the distribution were to be hit by a random shock i,t representing an uncertainty of the net disbursements that each firm faces where i,t ∼ N (0, σ 2 ,t ) then the managers' perception of the expected cash flows that will prevail becomes important. Assume that the manager of each firm observes a noisy signal in the form of S i,t = i,t +ν t , where ν t ∼ N (0, σ 2 ν,t ) and independent of i,t . In this context the noise in the signal, ν t , reflects macroeconomic uncertainty.
Conditioning upon the signal S i,t , the manager forms an optimal forecast of net disbursements as E t ( i,t |S i,t ) = λ t S i,t , where
. We assume that the firm manager cannot observe σ 2 ν,t , but rather that she may form an optimal forecast of that quantity. Therefore, substituting for E t (H i,t |S i,t ) = H + λ t S i,t , we can modify equation (C.4) as:
where k = (
). As the impact of macroeconomic uncertainty (σ 2 ν,t ) increases, the manager's ability to predict cash flow will diminish, affecting the optimal level of cash holdings.
Finally, using equation (C.5) we may examine the cross-sectional distribution of cash holdings for each period, 6) and as hypothesized in the text obtain ∂V ar(C i,t |S i,t ) ∂σ
(C.7) * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1% * <10%, **<5%, ***< 1%
